16-332 



Method of Positioning an Elevator Tube 



Technical Field 

The present invention relates generally to the field of semiconductor thermal processing 
systems, and more specifically to a vertical rapid thermal processing unit that includes an 
elevator assembly for positioning a wafer within the processing unit. 

Background of the Invention 

Thermal processing systems are widely used in various stages of semiconductor 
fabrication. Basic thermal processing applications include chemical deposition, diffusion, 
oxidation, annealing, silicidation, nitridation, and solder re-flow processes. Vertical rapid 
thermal processing (RTP) systems comprise a vertically oriented processing chamber which is 
heated by a heat source such as a resistive heating element or a bank of high intensity light 
sources. An elevator structure is controlled to move a wafer on a wafer support vertically within 
the processing chamber. In some RTP systems, the heat sources create a temperature gradient 
within the processing chamber and temperature ramp-up and ramp-down rates of the wafer being 
processed are controlled by the vertical location of the wafer within the processing chamber. 
Therefore, to optimize the thermal processing of semiconductor wafers it is important to 
accurately control the position of the wafer within the processing chamber. 

Because of the length of the moving elevator structure it must be held rigidly at its base in 
order to obtain maximum mechanical rigidity, thereby minimizing in plane vibration that may be 
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imparted to the wafer. The vibrations may cause the wafer to move relative to the support, 
thereby losing concentricity with the support structure. Lack of concentricity results in 
temperature non-uniformity near the wafer perimeter. 

Semiconductor thermal processing must be performed in an environment that is relatively 
free of contamination. For this reason, the processing chamber is pressurized to protect against 
contamination from the ambient air in the manufacturing environment. The orifice through 
which a quartz elevator tube protrudes to support the wafer includes a bearing whose surface co 
acts with the elevator tube to define a gas curtain made up of chamber gas escaping the chamber 
and pressurized gas fed to the bearing. The gas curtain also reduces the lateral motion of the 
elevator tube as it moves vertically within the chamber. To minimize contamination, it is 
desirable to maintain low clearance between the bearing surface in the chamber orifice and the 
elevator tube. Another advantage of lower clearance is that it enhances the centering capability 
of the gas curtain by increasing the pressure drop along the tube axis for a given flow rate of gas 
within the gas curtain. However, low clearance between the bearing and the elevator tube 
increases the possibility that the elevator tube will contact the bearing and pick up contaminants 
from the bearing that may be carried into the processing chamber. 

Summary of the Invention 

A compliant, dynamic coupling for preventing the flow of gas into a pressurized chamber 
into which a rod extends through a chamber orifice and moves axially within the chamber. A 
bearing is mounted within the orifice and is disposed concentrically about the rod. An inner 
bearing surface is in close proximity to an outer surface of the rod. A gas port supplies 
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pressurized gas into a gas curtain defined by the gas flow between the rod and the inner bearing 
surface. A compliant member is adjacent to the bearing for absorbing a force created when the 
rod moves into contact with the inner bearing surface to reduce contact forces created when the 
rod contacts the inner bearing surface. In an exemplary embodiment, the compliant member is a 
bellows, preferably made of metal. 

An elevator tube positioning system for moving a wafer support within a process 
chamber features an elevator tube rigidly mounted at its base to a moveable carriage and 
protruding through an orifice into a process chamber. A gas curtain is established between the 
orifice and outer tube diameter to prevent incursion of ambient air into the chamber. A 
compliant, dynamic seal within the orifice engages the outer diameter of the tube to stabilize the 
tube's lateral position. 

Brief Description of the Drawings 

Figure 1 is a front cross section view of a rapid thermal processing unit including an 
elevator tube position control mechanism in accordance with an embodiment of the present 
invention; 

Figure 2 is an enlarged cross section view of the gas curtain shown as part of the rapid 
thermal processing unit of Figure 1; 

Figure 2A is an enlarged view of a portion of the gas curtain view shown in Figure 2; 

Figure 3 is an enlarged cross section view of the elevator tube as it is mounted to the 
elevator carriage in the rapid thermal processing unit of Figure 1 ; and 

Figure 4 is a perspective view of the elevator tube assembly shown as part of the rapid 
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thermal processing unit of Figure 1 . 

Detailed Description of the Preferred Embodiment 

Figure 1 illustrates a rapid thermal processing system 1 0 that uses a cylindrical hot wall 
system to thermally process semiconductor wafers. A wafer (not shown) is placed on a wafer 
support indicated generally as reference numeral 1 2. The wafer is moved vertically through a 
process chamber having a temperature gradient created by heating elements behind the chamber 
walls. The wafer support 12 is connected to an elevator tube assembly 18 that protrudes through 
an orifice in the chamber floor. The elevator tube is connected via a pair of flexures indicated 
generally as 30 (shown separately as 35, 38 in Figure 4) to a moveable carriage having a base 
support 39 (Figure 4) that traverses a set of rails 26 to move the elevator tube 1 8 and wafer 
support 12 along a vertical excursion within the process chamber 15. 

A bearing assembly 20 surrounds the elevator tube at the bottom of the process chamber 
and provides a compliant, dynamic coupling between the tube and the chamber that minimizes 
process gas leakage and aligns the elevator tube within the orifice in the chamber floor. Gas is 
supplied within the bearing to form a gas curtain and to restrict the flow of ambient air into the 
chamber through the gap between the elevator tube outer diameter and the orifice. 

Referring now to Figure 4, an exploded view of the elevator tube assembly is shown. An 
elevator tube 41 is made from quartz to prevent metallic contamination within the process 
chamber 15. In order to maximize the mechanical stiffness of the tube a flange 43 is fused at the 
base of the tube in order to fix the base and to co act with a set of first and second flexures 35, 38 
to add mechanical stiffness to the quartz tube. By providing increased mechanical stiffness to the 
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quartz tube, wafer displacement can be minimized thereby providing a more uniform temperature 
on the wafer surface. 

Referring to Figure 3, the flexures 35, 38 are fixed to a base support 39 on the moveable 
carriage. The bottom flexure 38 is mounted normal to the rail surface 26 via the base support 
attachment 39. The flexure 38 is fastened to the base support 39, whereby a tilt adjustment is 
provided by a spring like mechanism built within the component. By adjusting a set screw the 
tube structure can pivot about the anchoring point. Similarly, the top flexure 35 is also the 
mounting surface for the quartz tube 41 and 43. The top flexure is also adjusted with a spring 
like mechanism using a setscrew. The combination of both flexures allows the quartz tube to 
rotate about two axes. Because of the gas flow through the quartz tube at the tube base 39, both 
flexures 35 and 38 have seals 37 mounted between to prevent gas leaks. The flexure motion is 
limited and therefore impedes the gas flow to leak to atmosphere. The flexures 35, 38 are 
adjusted and set in a fixed position each time the quartz tube 41 is changed. While the flexures 
control tube rotation about the x and y axis as shown in the coordinate system of Figure 3 to 
make the centerline of the tube parallel with the rails (Figure 4) additional means are required to 
maintain the lateral position of the quartz tube 41 as it makes its vertical excursion relative to the 
process chamber. 

Figures 2 and 2A illustrate a gas curtain and compliant, dynamic seal indicated generally 
as 20 that prevent the incursion of ambient air into the chamber as well as preventing contact 
between the quartz tube 41 and an inner surface of a metal or ceramic bearing 29. The region 17 
between the outer diameter of the quartz tube 41 and the orifice in the floor of the chamber 15 
defines a gas curtain. To form the gas cushion, gas from a gas supply (not shown) is directed 
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through an inlet port 44 and flows through a concentric ring of inlet orifices 16 into a gas curtain 
region 1 7 that is the gap between the outer surface of the rod 1 8 and the bearing 29. The 
supplied gas flows upward from each inlet orifice 16 to an exhaust orifice 19 and downward to 
escape through the bottom of the gas cushion region 1 7. The amount of gas that escapes the 
bearing is minimized by connecting the exhaust orifice 1 9 to a vacuum source via exhaust port 
45 so that the majority of the gas flowing through inlet orifices 1 6 will tend to flow to the 
exhaust orifices 19. 

A ring shaped bellows 21 is concentric with the orifice 17 and the bearing 29 and is in 
contact with the bearing 29. The bellows 21 thus adds compliance to the gas curtain. When the 
quartz tube 41 moves laterally with respect to the centerline of the orifice 17 during its excursion, 
the tube pushes against the metallic bearing 29, causing pressure variations within the gas curtain 
due to uneven restriction of the flow entering the gas curtain through the small holes of port 16. 
The bellows 21 deflects laterally in response and absorbs the force of the tube while allowing the 
gas curtain pressure to actively center itself with respect to the quartz tube. In this manner, the 
lateral movement of the quartz tube 41 relative to the metal bearing is limited to reduce contact 
forces between the tube and the metallic bearing 29. 

As can be seen from the foregoing description, an elevator tube assembly that is 
mechanically fixed at its base and contained laterally within a dynamic, compliant seal at its 
entry to the process chamber reduces vibration experienced by the wafer during thermal 
processing. Although the present invention has been described with a degree of particularity, it is 
the intent that the invention include all modifications and alterations from the disclosed design 
falling within the spirit or scope of the appended claims. 
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